HFD-induced energy states-dependent bidirectional control of anxiety levels in mice.
The association between the development of obesity and its metabolic comorbidities, and chronic consumption of high-fat diet (HFD) has been well-demonstrated. Interestingly, emerging evidence indicates that obesity is also associated with an increased risk for psychiatric disorders including anxiety and depression. Although HFD feeding is associated with anxiety-related behaviors, previous studies have reported inconsistent findings on the direction of this relationship. Therefore, in this study we sought to investigate the link between HFD feeding, body weight, energy states and anxiety levels in mice and specifically to determine if the duration of HFD exposure has distinct effects on anxiety-related behaviors. To disentangle the temporal dynamic effects of HFD feeding on anxiety-related behaviors, mice were fed a HFD or regular chow (RC) diet and were assayed periodically for anxiety-related behaviors by using behavioral tests (open field test; OFT) and the elevated plus maze. To determine if obesity phenotypes correlate with anxiety-related behaviors, changes in anxiety-related behaviors in OFTs were correlated with changes in both body weight and glucose sensitivity following various levels of HFD and RC exposure. Our results demonstrate a time-dependent biphasic effect of HFD feeding on anxiety-related behaviors. At 5 weeks, mice fed HFD show a reduction in anxiety-related behaviors when compared to pair-fed RC mice. At 8 weeks of HFD or RC feeding, anxiety levels were the same in both groups. Following 15 weeks of HFD and RC feeding, however, mice displaying metabolic symptoms of obesity showed increased anxiety-related behaviors relative to mice resilient to obesity phenotypes, independent of feeding conditions. Taken together our findings suggest that HFD bi-directionally effects anxiety-related behaviors such that short-term exposure to a HFD reduces anxiety levels, while longer exposure to a HFD promotes anxiety levels selectively in mice that display metabolic symptoms of obesity. Regardless of diet (HFD or RC), heavier animals display increased anxiety-like behaviors. These findings indicate diverse overlapping roles for HFD and body weight in modulating anxiety-related behaviors, and may partly resolve previous inconsistencies in studies examining the relationship between HFD feeding and anxiety.